Indole 2,3-dioxygenase [IDOase; indole:oxygen 2,3-oxidoreductase (decyclizing)] is a novel hemoprotein that catalyzes the oxygenative ring cleavage of various indoleamine derivatives such as tryptophan, 5 -hydroxytryptophan, and serotonin (1) and utilizes the superoxide anion both in vitro (2) (3) (4) and in vio (5) . It was originally found in the rabbit intestine (6) , and subsequent studies demonstrated its wide distribution in various tissues of mammals (7) . In order to investigate the biological significance of this enzyme, the levels and regulatory mechanisms of the IDOase activity were examined in various organs under various physiological and pathological conditions. In this paper-we describe a dramatic increase in the IDOase activity in the mouse lung after a single intraperitoneal injection of bacterial endotoxin. This increase appears to be specific for the lipopolysaccharide (LPS) fraction and is probably due to de novo synthesis of the enzyme protein. Inhibitors. Actinomycin D was dissolved in 95% ethanol (1 mg/ml) and then diluted in nonpyrogenic saline to a desired concentration. Each mouse was usually given 15 ,tg in 0.2 ml of solution. Cycloheximide was dissolved in nonpyrogenic saline (25 mg/ml) and was given at a dose of 0.2 ml per mouse. All injections were given intraperitoneally.
MATERIALS AND METHODS

Chemicals
Enzyme Assays. All mice were sacrificed by dislocation of the neck. The tissues were rapidly removed and frozen on dry ice. Except for epididymis, the tissues were homogenized with 2 vol of ice-cold 0.14 M KCl/0.02 M potassium phosphate, pH 7.0, by using a Polytron homogenizer. The epididymis was homogenized with 10 vol of the same buffer. Homogenates were centrifuged at 30,000 X g for 30 min. The resulting supernatants were used as the enzyme source. The IDOase activity was assayed as described (8) . Tryptophan nase activity is not elevated but is lowered by LPS. A similar observation was reported for rats by Berry and Smythe (15) .
Groups of mice were injected intraperitoneally with increasing amounts of LPS (2.5-250 ,g per mouse). Epididymis had the highest IDOase activity among the tissues so far tested and therefore was used as a control. At 24 hr later, a dose-dependent increase in the specific activity of IDOase was observed in both the lung and the epididymis, reaching a plateau in the range of about 20 jig per mouse (Fig. 1) , a dose almost identical to that used for previous immunological studies (16) . The time course of the changes in the IDOase activity in the lung and the epididymis was determined after a single injection of bacterial LPS derived from E. coli (20 ytg per mouse), glycogen (2 mg per mouse) (data not included), or 0.9% NaCI (0.2 ml). LPS caused an approximately 30-fold increase in the pulmonary IDOase activity within 24 hr after a single intraperitoneal administration (Fig. 2) . The activity started to decrease in about 48 hr and normal values were reached in about 6 days. In epididymis, a similar but lesser change in the IX)ase activity was observed although the plateau was maintained between 48 and 72 hr.
In order to determine if the observed increase in enzyme activity was specific for IDOase, typical lysosomal enzymes'such as fi-glucuronidase and acid phosphatase, as well as monoamine oxidase, another enzyme involved in the metabolism of biogenic amines, were examined. As shown in Table 2 , none of these enzymes was stimulated by LPS.
The increase in enzyme activity may be due to (i) net protein O (Fig. 3) ; thereafter, the enzyme activity started to increase, presumably because these agents were excreted, as reported by Berry et al. (17) . Preliminary evidence indicated the presence of a weak inhibitor(s) of the IDOase activity in several tissues, such as lung and heart, but no activators in various tissues so far tested.
DISCUSSION
A dramatic induction of pulmonary IDOase by an intraperitoneal injection of LPS was observed. The jPS fraction of the cell wall of Gram-negative bacteria is an inflammatory agent and causes nonspecific immune responses (18) .'Zymosan, crude yeast cell wall preparations consisting chiefly of protein-carbohydrate complexes, and glycogen are also inflammatory agents (19, 20) . Similar cell infiltrations were observed in the peritoneal cavity after the intraperitoneal administration of LPS (E. colh), glycogen, or zymosan, but the latter two agents were almost ineffective in the induction of IDOase activity. Furthermore, lysosomal enzymes did not increase after the LPS treatment, although Martini (21) induction of pulmonary IDOase reported in this paper was due directly to the inflammatory processes or to secondary or adventitious biochemical changes is not known at present. IODase appears to be involved in the metabolism of serotonin and other indole derivatives and has been demonstrated to utilize the superoxide anion (2) (3) (4) (5) . Monoamine oxidase, another enzyme involved in the metabolism of biogenic amines, was decreased, rather than increased, by LPS. On the other hand, Crapo (25) recently reported an increase in pulmonary superoxide dismutase activity after rats were exposed to 85% oxygen atmosphere for 5 days, but the increment was on the order of 50%. Preliminary experiments in our laboratory indicated that viral infection of mice (Sendai virus or influenza virus) also causes a similar induction of pulmonary IDOase, suggesting that the enzyme may be closely related to the inflammatory process in some way.
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